Abstract. Fine needle aspiration biopsy (FNAB) is the preferred technique for the initial diagnostic evaluation of thyroid lesions, which nevertheless poses a diagnostic challenge for all clinicians involved. The latter necessitates the use of molecular markers on thyroid cytology. MIB-1 is a molecular marker already used in the cytological evaluation of various tumors. In this study, we assessed whether MIB-1 proliferation index adds diagnostic information to the conventional cytological analysis of thyroid nodules and prognostic information in thyroid cancers. MIB-1 index for various thyroid lesions was retrospectively reviewed in a series of 504 patients. Furthermore, the prognostic value of MIB-1 index was investigated for 183 of the patients with papillary thyroid cancer (PTC). MIB-1 index was significantly higher in anaplastic thyroid cancer (ATC) compared to other tumor types (p<0.01). No significant difference in MIB-1 index was observed between thyroid adenomas and follicular carcinomas. In PTC, MIB-1 index equal to or >4% was found to be an independent factor significantly associated with higher risk of distant metastasis and disease-related mortality (p<0.05). Conclusively, this study shows that preoperative MIB-1 index assessment in FNAB of thyroid nodules offers little diagnostic information as far as follicular tumors are concerned. In cases of PTC, though, MIB-1 may serve as a prognostic indicator of disease spreading and poor survival and hence influence the planning of the overall treatment scheme.
Introduction
Thyroid nodules are common in clinical practice and their prevalence depends on the population evaluated as well as the screening method used (1) . A small proportion represents thyroid cancer, which today constitutes ~1% of all malignancies worldwide (2) . Traditionally, thyroid carcinomas are classified into five major groups: follicular (FTC), papillary (PTC), medullary (MTC), poorly differentiated (PDTC) and anaplastic (ATC) thyroid cancer, based on histopathology (3) . The benign counterpart follicular thyroid adenoma (FTA) comprises the majority of follicular thyroid tumors.
The initial diagnostic approach of thyroid nodules is fine needle aspiration biopsy (FNAB). FNAB is a low cost, minimally invasive technique which is devoid of serious complications and has an overall high sensitivity (4) . However, follicular lesions such as hyperplastic nodules (often a part of a multinodular goiter rather than a true neoplasm), FTA, FTC and variants thereof are difficult to diagnose conclusively at cytology. Additionally, the prognostic value of FNAB is limited in cases of differentiated thyroid carcinoma. The application of molecular markers on thyroid FNAB is an attractive possibility to improve the diagnostic and prognostic information (5) . One such candidate is MIB-1 which in immunohistochemical analyses of post-operative specimens was suggested to be of value in establishing the prognosis of PTC (6) .
Ki-67 is a nuclear antigen expressed in proliferating cells and MIB-1 is a monoclonal antibody raised against recombinant parts of Ki-67 (7) . The proportion of MIB-1-positive cells, i.e. MIB-1 proliferation index, has been studied in many types of tumors and is commonly found to be of significant prognostic value (8) . In thyroid specimens, several immunohistochemistry studies have suggested that MIB-1 index has no additive diagnostic value (9, 10) . However, we recently carried out a study on 30 PTC patients by evaluating their clinical follow-up and post-operative MIB-1 index. The results indicated that MIB-1 analysis could have prognostic value in PTC (11) . In the present study, we aimed at investigating the potential value of MIB-1 staining as a prognostic and/or diagnostic tool in preoperative FNAB from various thyroid lesions. (11) .
Materials and methods

Patients
FNAB cytology and Ki-67/MIB-1 immunocytochemistry.
Aspirations were performed routinely, as previously published (12) . One part of the aspirate was used for the cytological evaluation and a second part was used to determine the MIB-1 index. The air-dried smears for analysis of cell proliferation were fixed in acetone or buffered 4% formaldehyde solution and incubated with the Ki-67 (until 1993) or MIB-1 (after 1993) antibody as previously described (13, 14) . In 1993 cytologists switched from Ki-67 antibody to MIB-1, since the latter can be used on formalin-fixed material without the need for immediate staining. The two antibodies have previously been demonstrated to give analogous results in terms of proliferation index, both in our own practice on cytology samples (13) and by others (14) .
For the detection of Ki-67 (Dako, Glostrup, Denmark), immunoperoxidase ABC method was applied, whereas MIB-1 (Immunotech, Marseille, France) was detected with immunoperoxidase-avidin-biotin technique. The proliferation index was determined on a regular, clinical routine practice by scoring 200 cells in 4 microscopic fields at a magnification of x400. This was in agreement with the guidelines issued by both the American and the British Thyroid Associations regarding 'adequate fine needle aspiration' (15, 16) . In the earlier parts of the study, analyses of reactive lymph nodes were included as positive control, which revealed distinct nuclear staining. Omission of the primary antibody served as negative control, whereby no staining was observed.
Statistical analyses. Kruskal-Wallis one-way ANOVA by ranks was used to compare MIB-1 index values among the diagnostic groups in the cohort of 504 patients. All p-values were further corrected according to the Bonferroni adjustment for multiple comparisons to the level of significance of 0.0008. Mann-Whitney U test was adopted to investigate the probable correlation of MIB-1 index with a variety of clinical variables at the time of operation, such as age, gender, tumor size, tumor multifocality, presence of lymph node or distant metastasis and tumor's extrathyroidal growth. The age and size intervals applied were according to guidelines by the American Joint Committee on Cancer (AJCC) (17) . The prognostic usefulness of MIB-1 index, as well as the above mentioned clinical characteristics, in the 183 PTC patients were assessed by survival analysis. At first, univariate analysis by Kaplan-Meier curves for the clinical parameters determined at follow-up was done and p-values were calculated implementing log-rank test. The end-points analyzed were local recurrence, distant metastasis and death of disease (disease-related mortality). The optimal cut-off value for MIB-1 index was determined by calculating ROC (Receiver Operating Characteristic) curves (data not shown). Finally, the statistical evaluation was completed by a multivariate analysis applying a proportional hazards regression model (Cox regression). For all survival analysis a p-value <0.05 was considered significant.
Results
MIB-1 index as a diagnostic tool in thyroid nodular disease.
MIB-1 proliferation index determined routinely on FNAB in 504 cases of various thyroid lesions was retrospectively evaluated. An example of MIB-1 staining in FNAB is shown in Fig. 1 . Overall, positive staining ranging from >2 nuclei to 100% was observed in 489 of the 504 cases. The mean MIB-1 index was significantly higher in ATC (42.6%) as compared to other tumors and benign lesions (p≤0.01), such as goiter/ adenomatous hyperplasia (1.6%) and thyroiditis (4.2%), with the exception of PDTC and atypical Hürthle adenoma ( Fig. 2 and Table I ). No significant differences were observed either between FTA and FTC, or between FTC and PTC. The mean values for MIB-1 index in these groups were 1.6% (FTA), 3.5% (FTC) and 2.9% (PTC).
Prognostic value of preoperative MIB-1 index in PTC patients.
In 183 PTC patients, MIB-1 index was analyzed in relation to clinical characteristics at the time of surgery as well as in relation to clinical parameters from the follow-up. MIB-1 index did not correlate significantly with clinical variables at operation, such as lymph node or distant metastasis, multifocal tumors, extrathyroidal tumor growth, tumor size, gender or age at diagnosis.
Univariate survival analysis was initially carried out by plotting Kaplan-Meier curves. This analysis revealed that a high MIB-1 index (index value ≥4%) was significantly associated with an increased risk of disease-related mortality (p=0.0001) and distant metastasis (p=0.00035) (Fig. 3) . Furthermore, tumor size appeared as a significant prognostic factor of these end-events (p=0.0056 and 0.001 respectively) as well as of local recurrence (p=0.00003) (Fig. 4) . Multivariate analysis (Cox or proportional hazards regression) was finally used to assess possible predictor factors. This showed that high MIB-1 index is indeed a significant predictor of increased risk of distant metastasis (p=0.000653), disease-related mortality (p=0.006) and local recurrence (p=0.000529). Moreover, age at operation turned out to be of statistical significance in relation to disease-related mortality (p=0.00017) and distant metastasis (p=0.0004). On the other hand, tumor size was not significantly associated to any of the end-points. Table I . Diagnostic groups and MIB-1 index from 504 thyroid fine needle aspiration biopsies. 
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a All diagnoses were set on histopathology, unless stated otherwise.
b 54/91 diagnosed on cytology. c 23/25 diagnosed on cytology.
- Table II . Patient and tumor characteristics and MIB-1 index for the 183 patients with PTC.
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Discussion
In 1984 Gerdes et al reported the production of a mouse monoclonal antibody, Ki-67, which could react with a human nuclear antigen present in all proliferating cells, but absent in resting cells (18) . Their first findings were suggestive of a potent tool for determining the proportion of proliferating cells in a tumor. Since then, analysis of Ki-67 has been increasingly applied to assess proliferation index in cytological characterization of a wide range of tumors. A prognostic value has been established in, for example, breast cancer, soft tissue tumors and lymphomas (8) .
In the field of thyroid oncology, the possible clinical utility of MIB-1 index has been an issue of controversy and a consensus has not been reached. Furthermore, with very few exceptions (19) , studies of MIB-1 index in thyroid tumors have been carried out on histopathological material. However, the eventual goal should be to apply diagnostic and prognostic markers already in FNAB, thereby allowing adjustment of surgical strategy or addition of preoperative treatment. Working on routinely acquired cytology material is different from histopathology, in terms of both representativity and quantity of the specimen under investigation. This study is, to our knowledge, the first one dealing with preoperative assessment of MIB-1 index in such a large and broad-range thyroid material.
Our results were in concordance with published findings from immunohistochemical studies on surgical thyroid material. ATC and PDTC were strikingly distinct showing the highest MIB-1 labeling index. Interestingly, a significant progressive increase in MIB-1 along the spectrum of thyroid cancer progression has been described (20) . In the case of well differentiated tumors, lower, but overlapping, values between groups were noted in our study. No significant difference in MIB-1 index between follicular tumors (FTA, atypical FTA, FTC) was observed, in agreement with some studies from immunohistochemical studies (9, 21) . Nevertheless, significant differences in MIB-1 index between benign and malignant follicular tumors have been presented by others (19, 22, 23) . It should, however, be stressed that overlapping value ranges between follicular lesions suggest that MIB-1 index cannot be readily used to aid the morphological distinction between them (21) . Although based on a limited number of cases, a similar overlap in MIB-1 index was noted between Hürthle cell adenomas and carcinomas in our material.
ATC showed significantly higher MIB-1 values compared with other tumor groups. Usually, FNAB cytology is a sensitive method in the diagnostics of ATC and immunocytochemistry adds rather little in establishing this diagnosis.
For PTC the diagnosis can be readily established by cytology and in our institution a 98% agreement between cytology and histopathology has been demonstrated (24) . In the attempt to achieve a more accurate prognosis for PTC patients, many different scoring systems have been suggested that are generally based on tumor characteristics determined post-operatively. Based on our findings, a high preoperative MIB-1 index should be considered as a sign of increased aggressiveness and metastatic potential and, should our findings be verified in other series, an optimization of the therapeutic strategy could be discussed.
The extent of surgical treatment preferred, concerning lobectomy vs. total thyroidectomy as well as extent of nodal dissection, varies between different medical centres. Bilimoria et al showed that for patients with PTC <1 cm in size, there was no significant difference in recurrence or survival when comparing total thyroidectomy to lobectomy (25) . Despite its limitations, their study provides solid ground to support a less-than-total thyroidectomy for PTC which meet the following criteria: a) Absence of invasion of the thyroid capsule, b) Unifocal primary tumor of sporadic origin measuring <1 cm in largest diameter, c) No lymph node or distant metastases and d) No unusual histopathological variants as laid out in the latest classification by WHO (3). Moreover, there are recent studies suggesting that central lymph node dissection -an intervention with an incremental risk of transient, or occassionaly permanent, hypoparathyroidism and recurrent laryngeal nerve palsy -should be carefully considered and reserved for papillary cancers >1 (26) or 2 cm (27) . In all cases the benefit from a more aggressive surgical intervention should be balanced by the risk of complications, like the ones mentioned above, that might have a great effect in terms of the patients' quality of life.
As far as the prognostic value of MIB-1 proliferation index is concerned, this study strongly supports that a high MIB-1 index (≥4%) on FNAB is associated with a significantly increased risk of distant metastasis and disease-related mortality. Moreover, small papillary carcinomas (<10 mm) with preoperatively detectable lymph node metastasis have a higher MIB-1 index in comparison with those that have either no or undetectable metastases only (28) . By contrast, Siironen et al found no significant difference in MIB-1 index in relation to aggressive PTC, but in this case a lower MIB-1 cut-off value was selected (1%) which might explain the result (29) .
In summary, our study suggests that preoperative MIB-1 index may have a value in improving PTC prognostication and could develop into a marker useful in guiding choice of therapy.
